
HYDROLOGY OF THE OGALLALA AQUIFER IN FORD COUNTY, 

SOUTHWESTERN KANSAS

by Joseph M. Spinazola and Michael T. Dealy

U.S. GEOLOGICAL SURVEY

Water-Resources Investigations Report 83-4226

Prepared in cooperation with the

SOUTHWEST KANSAS GROUNDWATER MANAGEMENT DISTRICT NO. 3

Lawrence, Kansas 

1983



UNITED STATES DEPARTMENT OF THE INTERIOR 

WILLIAM P. CLARK, Secretary

GEOLOGICAL SURVEY 

Dallas L. Peck, Director

For additional 
contact:

information

District Chief
U.S. Geological Survey
1950 Constant Avenue - Campus West
University of Kansas
Lawrence, Kansas 66044-3897
[Telephone: (913) 864-4321]

Copies of this report 
can be purchased from:

Open-File Service Section 
Western Distribution Branch 
U.S. Geological Survey 
Box 25425, Federal Center 
Denver, Colorado 80225 
[Telephone: (303) 234-5888]



CONTENTS

Page

Definition of terms ------------------------- vi
Abstract- ------------------------------ l
Introduction- ---------------------------- 2

Purpose and scope- ----------------------- 3
Location of study area --------------------- 3
Acknowledgments- ------------------------ 3
Well-numbering system- --------------------- 5

Surface features of study area- ------------------- 5
General geology of study area -------------------- 5

Strati graphic relationships- ------------------ 5
Crooked Creek-Fowler fault ------------------- 9

Geology in relation to ground water ----------------- in
Permian System ------------------------- 10
Cretaceous System- ----------------------- 10
Tertiary and Quaternary Systems, including the Ogallala aquifer- 16

Hydrology of the Ogallala aquifer ------------------ 17
Hydraulic properties ---------------------- 17
Conditions in the Ogallala aquifer --------------- 17

Water budget ------------------------ 17
Inflow to the Ogallala aquifer -------------- 18

Precipitation --------------------- 18
Subsurface inflow------------------- 18
Streamflow losses ------------------- 18

Outflow from the Ogallala aquifer- ------------ 19
Streamflow gains- ------------------- 19
Evapotranspiration- ------------------ 19
Subsurface outflow- ------------------ 20
Withdrawal by wells------------------ 20

Time-discharge method- --------------- 21
Irrigation-requirement method- ----------- 21

Water-table configuration ------------------ 24
Saturated thickness --------------------- 24
Water quality ------------------------ 27
Ground-water development- ------------------ 31

Irrigation wells --------------------- 31
Irrigated acres- --------------------- 32

Effects of ground-water withdrawal- ------------- 33
Summary and conclusions ----------------------- 33
Selected references ------------------------- 37

ILLUSTRATIONS

Plate Page

1. Map showing saturated thickness of the Ogallala aquifer in
Ford County, southwestern Kansas, January 1981 ------- (in pocket)



ILLUSTRATIONS Conti nued

Figure Page

1. Map showing location of study area ------------- 4

2. Sketch showing wel1-numbering system ------------ 6

3. Map showing generalized bedrock geology and configuration
of bedrock surface --------------------- 11

4. Sketch showing geophysical logs and geohydrologic corre 
lations of stratigraphy in study area- ----------- 12

5. East-west geologic section showing stratigraphic relation 
ship of the Ogallala aquifer to underlying rocks ------ 12

6. North-south geologic section showing stratigraphic relation 
ship of the Ogallala aquifer to underlying rocks ------ 12

7. Map showing configuration of surface of Blaine Formation- - - 13

8. Map showing thickness of interval between base of Stone
Corral Formation and top of Blaine Formation -------- 14

9. Map showing configuration of water table in the Ogallala
aquifer, January 1981 -------------------- 25

10. Map showing configuration of water table in the Ogallala
aquifer, August 1981 -------------------- 26

11. Diagram showing suitability of water for irrigation ----- 30

12. Graph showing cumulative number of irrigation-well appli 
cations and corresponding amount of appropriated water - - - 32

13. Map showing water-level changes in the Ogallala aquifer,
1939-81 --------------------------- 35

TABLES

Table Page

1. Generalized section of geologic units and water-yielding
characteristics ----------------------- 7

2. Ground-water withdrawal calculated for selected crop types
using the time-discharge method --------------- 22

3. Ground-water withdrawal calculated for selected crop types
using a soil-moisture accounting model ----------- 23

iv



TABLES--Continued

Table Page

4. Chemical analyses of water samples from selected wells - - - - 28

5. Records of wells completed in the Ogallala aquifer ------ 40

CONVERSION FACTORS

Conversion factors for the International System of Units (SI) and 
the abbreviations for terms used in this report are listed below for 
readers who prefer to use metric units rather than inch-pound units.

To convert from 
inch-pound units

Length

inch 
foot 
mile 
foot per mile (ft/mi)

Area

acre 
square mile

Flow

gallon per minute (gal/min) 
gallon per minute per 

foot [(gal/min)/ft]

Volume

acre-foot

Specific conductance

micromho per centimeter 
at 25°Celsius

To 
SI units

millimeter
meter
kilometer
meter per kilometer (m/km)

square meter 
square kilometer

Multiply by

25.40
0.3048
1.609
0.19

4,047
2.590

cubic meter per second (m3 /s) 0.06308 
cubic meter per second per

meter [(m3/s)/m] 0.2070

cubic meter

microsiemens per centi 
meter at 25°Celsius

1,233

1.000

meter per day (m/d) 0.3048

Hydraulic conductivity 

foot per day (ft/d) 

Transmissivity

foot squared per day (ft^/d) meter squared per day (m^/d) 0.09290 

Temperature

degree Fahrenheit(°F) degree Celsius (°C)

v

= 9/5°C + 32



DEFINITION OF TERMS

Alluvium - Unconsolidated deposits of clay, silt, sand, and gravel deposi 
ted by streams during comparatively recent time.

Aquifer - Formation, group of formations, or part of a formation that 
contains sufficient saturated permeable material to yield significant 
quantities of water to wells and springs.

Available soil moisture - The quantity of water in soil that is available 
to plants.

Base flow - Discharge entering stream channels from ground water and 
other delayed sources.

Confined aquifer - Aquifer in which an artesian water body exists. The 
water level in a well completed in the aquifer stands above the 
top of the artesian water body.

Dip - The angle that a formation or planar surface is inclined from the 
horizontal.

Discharge - Flow of water expressed as a volume per unit of time.

Ephemeral stream - A stream that flows briefly only in direct response 
to precipitation in the immediate locality and has a channel that is, 
at all times, above the water table.

Formation - Basic rock unit in local classification of rocks; consists 
of an identifiable body of rock generally characterized by some 
distinctive lithologic features.

Geophysical log - A record obtained by lowering an instrument into a 
borehole or well and recording continuously on a meter at the surface 
some physical properties of the rock material being logged.

Hydraulic conductivity - The volume of water at the existing kinematic 
viscosity that will move through a medium in unit time under a 
unit hydraulic gradient through a unit area measured at a right angle 
to the direction of flow. Hydraulic conductivity depends on particle 
size, sorting, and packing of the materials comprising the aquifer.

Hydraulic connection - Aquifers are hydraulically connected when (1) a 
hydraulic gradient exists between them, and (2) there is no imper 
meable barrier, such as a clay or shale layer, obstructing flow.

Lithology - The description of rock or the general physical character of 
a rock.

Loess - A homogeneous, unstratified, commonly calcareous deposit consist 
ing predominantly of wind-laid silt.
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DEFINITION OF TERMS Continued 

Recharge - Quantity of water added to the saturated zone.

Sandstone - A sedimentary rock composed of abundant rounded or angular 
fragments, generally of sand-size quartz, more or less firmly 
cemented by some material such as iron oxide or calcium carbonate.

Saturated thickness - Thickness of water-bearing material filled with 
water under pressure greater than atmospheric.

Sedimentary rocks - A rock resulting from the consolidation of loose sedi 
ment that has accumulated in layers, consisting of mechanically 
formed fragments of older rock transported from its source and 
deposited in water or from air or ice, or a chemical rock formed by 
precipitation from solution, or an organic rock consisting of the 
remains or secretions of plants and animals.

Specific capacity - The rate of discharge of water from a well divided 
by the drawdown of the water level within the well. Specific 
capacity of a well usually decreases with time as the water level 
declines during a pumping test. When changes in specific capacity 
become slight with additional time of pumping, specific capacity is 
proportional to transmissivity by the relation:

T = 270 x C, 
where

T = transmissivity, in feet squared per day, and 
C = specific capacity, in gallons per minute per foot of 

drawdown.

Specific yield - The ratio of (1) the volume of water that the rock or 
soil, after being saturated, will yield by gravity to (2) the volume 
of the rock or soil.

Storage coefficient - Describes the property of an aquifer to store or 
release water. Storage coefficient is the volume of water an aquifer 
releases from or takes into storage per unit surface area of the 
aquifer per unit change in head. In an unconfined aquifer, the 
storage coefficient is closely approximated by specific yield.

Transmissivity - Describes the property of an aquifer to transmit water. 
Transmissivity is the rate at which water of the prevailing kinematic 
viscosity is transmitted through a unit width of the aquifer under a 
unit hydraulic gradient. Transmissivity can be determined as the 
product of hydraulic conductivity and saturated thickness of the 
aquifer.

Unconfined aquifer - Aquifer in which a water-table body exists.

Water table - Surface in an unconfined water body at which the pressure 
is atmospheric. It is defined by the levels at which water stands 
in wells that penetrate the water body just far enough to hold 
standing water.
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HYDROLOGY OF THE OGALLALA AQUIFER IN FORD COUNTY, 

SOUTHWESTERN KANSAS

By 

Joseph M. Spinazola* and Michael T. Dealy**

ABSTRACT

The rapid increase of ground-water withdrawal in recent years has 
caused concern about the effects that this development will have on the 
future use of the Ogallala aquifer in Ford County, southwestern Kansas. 
The study area consists of about 700 square miles in northwestern and 
southern Ford County where the Ogallala aquifer is the principal source 
of water for irrigation and other uses.

Basins on the bedrock surface have formed on the downthrown side of 
the Crooked Creek-Fowler fault in areas where the dissolution of salt in 
underlying Lower Permian rocks has led to the collapse of overlying 
rocks. The thickness of Tertiary deposits in these basins can be up to 
250 feet greater than the general thickness of Tertiary deposits in the 
remainder of the study area. Saturated thickness of the Ogallala aquifer 
ranges from 0 to about 350 feet on the downthrown side of the fault. 
Saturated thickness ranges from 0 to about 120 feet on the upthrown side 
of the fault.

Water in the Ogallala aquifer in Ford County generally moves from 
west to east at a gradient of about 7 feet per mile. Depths to water 
range from about 9 feet for wells completed in the Quaternary alluvium 
in the Arkansas River valley to about 185 feet for wells completed in 
the Ogallala aquifer. Concentrations of chemical constituents in water 
from the Ogallala aquifer generally are less than limits recommended 
by the Kansas Department of Health and Environment for drinking water 
and pose no problem when used for irrigating crops. However, excess 
fluoride was detected in some water samples from the Ogallala aquifer. 
Recommended limits for drinking water were exceeded for fluoride, nitrate, 
sulfate, and dissolved solids in water samples from the alluvium along 
the Arkansas River.

* U.S. Geological Survey, Lawrence, Kansas.

**Southwest Kansas Groundwater Management District No. 3, Garden City, 
Kansas.



Ground-water withdrawals for 1980 and 1981 were calculated by two 
methods. The time-discharge method computed withdrawal of about 81,000 
acre-feet during 1980 and about 58,000 acre-feet during 1981. The 
irrigation-requirement method computed withdrawal of about 121,000 acre- 
feet during 1980 and about 131,000 acre-feet during 1981. Results from 
the irrigation-requirement method probably are closer to the actual 
quantity of ground-water withdrawal because of problems encountered when 
applying the time-discharge method.

Applications for new irrigation wells increased five-fold between 
1968 and 1980. Operational irrigation wells increased from 187 in 1939 
to 622 in 1981. Water-level declines between 1939 and 1981 ranged from 
about 10 to about 50 feet. Water in storage in the Ogallala aquifer 
was depleted by about 688,000 acre-feet or 8 percent during this same 
period. If withdrawals continue to the point where the water table drops 
below the top of the bedrock surface on the upthrown side of the Crooked 
Creek-Fowler fault, ground-water discharge from the Ogallala to the 
Arkansas River could cease east of the fault.

INTRODUCTION

The development of ground-water resources in Ford County, principally 
the Ogallala aquifer,!/has helped the economy and the people of the 
county to prosper. Ground-water development, however, is not without 
problems. The supply of ground water is limited. Studies throughout 
the High Plains region have proven that in most areas the Ogallala aquifer 
is being mined of its vast stores of water and the part that underlies 
Ford County is no exception. Concern about the relationship between the 
rate of development and the rate of mining has increased among users and 
developers.

Management policies adopted by the Southwest Kansas Groundwater 
Management District No. 3 established criteria for the orderly development 
of the Ogallala aquifer in the 13-county area under its jurisdiction, 
including Ford County. These management policies have been implemented 
to stabilize development and provide for the extended use of ground 
water for beneficial purposes.

High Plains aquifer is the name generally accepted, for the principal un- 
consolidated regional ground-water system in parts of South Dakota, 
Nebraska, Wyoming, Colorado, Kansas, Oklahoma, New Mexico, and Texas. 
In Kansas, the aquifer generally synonymous with the High Plains aquifer 
has been referred tp as the Ogallala aquifer. In this report, the 
name Ogallala aquifer has been retained.



PURPOSE AND SCOPE

The objectives of this cooperative investigation between the U.S. 
Geological Survey and Southwest Kansas Groundwater Management District 
No. 3 were (1) to update and interpret geologic and hydrologic information 
affecting the Ogallala aquifer in Ford County, and (2) to evaluate hydro- 
logic conditions in the Ogallala aquifer in Ford County during 1980 and 
1981.

Geophysical and drillers' logs were interpreted to define the geolo 
gic setting and to determine the extent of the Crooked Creek-Fowler 
fault. An onsite inventory of irrigation wells completed in the Ogallala 
aquifer was conducted. Well discharge, crop types, and irrigated acreages 
were monitored for a selected number of irrigation wells. Irrigated 
acreages and crop types were tabulated for the entire study area from 
records collected and maintained by the Ford County office of the U.S. 
Agricultural Stabilization and Conservation Service. The time-discharge 
and irrigation-requirement methods were compared for determining ground- 
water withdrawals by irrigation wells. Water levels were measured on a 
quarterly basis in a network of observation wells established for the 
study. Water-level and storage changes were determined by comparing 
data from Waite (1942) with results obtained from kriging techniques 
using data collected during the study. Inventory data, well discharges, 
and water-level measurements were submitted to the Ground-Water Site 
Inventory (GWSI) section of WATSTORE, a computer storage and retrieval 
system for water-resources data maintained by the U.S. Geological Survey. 
Data submitted to GWSI as part of this study were verified as to correct 
ness.

LOCATION OF STUDY AREA

The report area encompasses about 700 square miles in Ford County, 
which is located in southwestern Kansas. It comprises that part of Ford 
County principally underlain by the Ogallala aquifer. This area includes 
the four northwestern townships and all townships south of the Arkansas 
River, as shown in figure 1.
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WELL-NUMBERING SYSTEM

The wells and test holes described in this report are numbered ac 
cording to a modification of the U.S. Bureau of Land Management's system 
of land subdivision (fig. 2). The system denotes the first set of digits 
of a well number as the township; the second set is the range west of 
the Sixth Principal Meridian; and the third set of digits denotes the 
section in which the well is located. The letters following the numbers 
divide the location of the well into smaller tracts of land. The first 
letter denotes the quarter section or 160-acre tract; the second letter, 
the quarter-quarter section or 40-acre tract; and the third letter, the 
quarter-quarter-quarter section or 10-acre tract. The tracts of land 
are labeled A,B,C, and D in a counterclockwise direction beginning in 
the northeast tract with the letter "A". Therefore, a well with a legal 
description NW1/4 SE1/4 SE1/4 sec. 15, T. 28 S., R. 21 W. would be 
28-21W-15DDB under the U.S. Bureau of Land Management's system. If more 
than one well is located in the same 10-acre tract, the wells are numbered 
serially in the order in which they are inventoried.

SURFACE FEATURES OF STUDY AREA

The study area lies along the eastern edge of the High Plains 
region in the Great Plains physiographic province. The area is com 
prised mostly of rolling uplands except for the valley of the Arkansas 
River, which traverses the study area from west to east. The south 
western part of the study area drains into the Cimarron River through 
Crooked Creek. The rest of the study area drains into the Arkansas River 
through its main tributaries: Mulberry Creek, Saw Log Creek, Rattlesnake 
Creek, and Duck Creek (fig. 1).

A band of sand dunes is located along the south side of the Arkansas 
River. The dunes parallel the Arkansas River through the study area. 
Isolated dune sand is located in the southwestern part of the study area 
in T. 29 S., Rs. 25 and 26 W.

GENERAL GEOLOGY OF STUDY AREA

STRATIGRAPHIC RELATIONSHIPS

The stratigraphic relationships of geologic units, especially non- 
water-yielding units to water-yielding units, are basic to geohydrologic 
study. The geologic units underlying and overlying the Ogallala aquifer 
are discussed briefly to provide (1) an understanding of the effects 
of the geologic environment on the Ogallala aquifer and (2) a description 
of possible alternative ground-water supplies in the study area. Strati- 
graphic nomenclature of geologic units described in this study are given 
in table 1.



28-21W-15DDB

Figure 2.--Wel1-numbering system. 
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Table 1. Generalized section of geologic units and water-yielding characteristics!/

Sys 
tem

QUATERNARY

TERTIARY

CRETACEOUS

Series

Pleis 
tocene

Mio 
cene

Upper 
Creta 
ceous

Lower 
Creta 
ceous

Strati- 
graphic 
unit

Pune sand 
and loess

Al 1 uvium

Undiffer 
entiated 
deposits

Ogallala 
Formation

Greenhorn 
Limestone

Graneros 
Shale

Dakota 
Formation

Kiowa 
Formation

Cheyenne 
Sandstone

Thick 
ness 
(feet)

0-70

0-60

0-135

20-350

0-120

0-60

100- 
450

100- 
250

20-300

Physical character

Fine to medium sand; contains some silt 
and clay.

Stream-laid deposits ranging from silt and 
clay to sand and gravel, which occur along 
principal stream or river valleys.

Fine to medium sand and pink, tan, or 
gray silt and clay, alternating with 
layers of loose to wel 1 -cemented, medium 
to very coarse-grained sand and gravel. 
Caliche (mortar) beds are common.

Pink to tan sandy clay and silt alterna 
ting with poorly sorted, loose to well- 
cemented sand and gravel. Caliche 
(mortar) beds are common.

Light-gray to gray chalky and crystalline 
limestone and shale in the upper part. 
Thick beds of gray to dark-gray calcareous 
shale and thin beds of bentonite in the 
lower part, with thin beds of gray crystal 
line limestone near the base.

Dark-gray to black shale with few very 
thin beds of sandstone, limestone, and 
bentonite.

Gray to yellow-brown or black shale, with 
interbedded sandstone lenses commonly 
cemented with iron oxide or calcium car 
bonate. The sandstone commonly is light 
yellow-brown to white, varying in hardness 
with the quantity of cement. Also contains 
thin discontinuous layers of clay, silt- 
stone, ironstone, and lignite. The lignite 
layers are most common near the top and the 
bottom of the formation.

Gray to black clayey shale, with thin dis 
continuous lenses of sandstone and lime 
stone. Locally contains gypsum. Also con 
tains thin fossil shell beds, some of which 
may be continuous throughout the area.

Light-gray to yellow fine-to coarse-grained 
sandstone. Commonly cemented with iron 
sulfide or calcium carbonate. Interbedded 
shales vary from white to green or dark 
gray.

Water-yielding 
characteristics

Generally lies above the 
water table and does not 
yield water to wells.

Yields to wells can range from 
100 to more than 1,000 gallons 
per minute in the Arkansas River 
val ley.

Where both Teritary deposits 
(Miocene) and undifferentiated 
Quaternary deposits (Pleisto 
cene) are present and saturated, 
they comprise one hydrologic 
unit or aquifer, commonly refer 
red to as the Ogallala aquifer. 
Water quality generally is 
suitable for most uses, and 
well yields can range from 200 
to 2,000 gallons per minute.

Generally does not yield water 
to wells. May yield a few gal 
lons per minute to domestic or 
stock wells from the upper 
weathered or fractured zone.

Not known to yield significant 
water to wells.

Few wells are completed in the 
Dakota aquifer in the study 
area. It does constitute an im 
portant aquifer in the north 
eastern part of Ford County. 
Yields range from 100 to 1,50 
gallons per minute, and water 
quality varies through the aqui 
fer. A hydraulic connection 
with the Ogallala aquifer exists 
in subcrop areas.

Not known to yield significant 
quantities of water to wells.

Little information is available, 
but water may be very mineral 
ized and unsuitable for irriga 
tion especially in the lower 
part of the formation. Not 
known to yield water to wells in 
the study area.



Table 1. Generalized section of geologic units and water-yielding characteristics Continued

Sys
tem

^
i?
a:
UJ
D-

Series

Upper
Permian

Lower
Permian

Strati-
graphic
unit

Undifferen-
iated rocks
incl uding
the Big
Basin Sand
stone, Day
Creek Dolo

Thick
ness
(feet)

150-
300

mite, White-
horse Sand
stone

o.
13
o

CD

£

to
O)

Dog Creek
Formation

Blaine
Formation

Flowerpot
Shale

Q.                    
Q.

£

C

c
i. 
cr
^
a
c
£

Cedar Hills
Sandstone

Salt Plains
Formation

Harper
Sandstone

Stone
Corral
Formation

10-60

10-25

40-330

60-180

90-200

180-350

30-80

Physical character

Red to maroon fine-grained silty sand
stone, siltstone, dolomite, and shale.

Maroon silty shale, siltstone, very fine
sandstone, and thin layers of dolomite
and gypsum.

Generally consists of a white to gray gyp
sum bed. Has a characteristic deflection

Water-yielding
characteristics

on geophysical logs and is used as a shallow
structural marker bed.

Red silty mudstone, shale, and salt. The
salt or anhydritic and halitic shale occur
where thickness exceeds several hundred
feet.

Red sandstone, siltstone, and silty shale.
Used as a shallow saltwater disposal zone
for oilfield brine in the county.

Chiefly red silty shale and some siltstone.

Chiefly red siltstone and very fine silty
sandstone.

Formation composed of dolomite, anhydrite,
gypsum, and salt. The anhydrite, gypsum,
and salt parts are lost through solution in
exposed sections. Chiefly gray with red to
pink streaks locally. Used as structural
marker beds because it produces well-marked
reflections in seismograph survey.

Not known to yield water to
wells in the study area.

The classification and nomenclature of the stratigraphic units used in this report are those 
of the U.S. Geological Survey and differ somewhat from those of the Kansas Geological Survey.



CROOKED CREEK-FOWLER FAULT

The Crooked Creek-Fowler fault was penetrated during test drilling 
in the southwestern corner of the study area near the Ford-Meade County 
line (Waite, 1942). Geologic sections, contour maps, and a thickness 
map prepared for this report from geophysical logs, drilling logs, and 
samples indicate that the fault extends from the southwestern corner to 
the eastern edge of the study area (fig. 3).

The geologic sections were prepared using geophysical-log corre 
lations and were verified with the Kansas Geological Society's type log for 
Ford County. The correlations were generally distinct and easily defined, 
making the sections a good representation of the stratigraphy of the 
study area. The Blaine Formation and the Stone Corral Formation have 
distinctive logging curves that were used as correlative or marker beds. 
Examples of typical geophysical logs with correlations are shown in figure 
4. Location of the oil or gas exploration holes from which the geophysical 
logs were obtained is shown in figure 3.

Salt zones in the Flowerpot Shale (Nippewalla Group) significantly 
affect the extent of the Crooked Creek-Fowler fault in the study area. 
Geologic sections (fig. 5 and 6) show the salt zones underlying the south- 
central and southeastern part of the study area and ranging in thickness 
from 0 to about 300 feet. The salt zones are remnants of deposits that at 
one time covered all southwestern Kansas, the Oklahoma Panhandle, and the 
Texas Panhandle. Salt was deposited when shallow, brackish seas extended 
Inland from the south into the Anadarko Rasin and the Hugoton Embayment 
(Irwin and Morton, 1969; Holdoway, 1978). Ford County is situated along 
the eastern edge of the Hugoton Embayment.

During late Tertiary or early Quaternary time, subsidence occurred 
in southwestern Kansas (Irwin and Morton, 1969; McGovern and Long, 1974; 
Holdoway, 1978; Gutentag and others, 1981). The area of subsidence is 
bounded on the west by the Bear Creek fault, located about 80 miles west 
of the study area, and on the east by the Crooked Creek-Fowler fault, 
located in the study area (Gutentag and others, 1981). Ground water dis 
solved and removed part of the salt zone in the Flowerpot Shale in Ford 
County. The salt zone is missing on the downthrown side of the Crooked 
Creek-Fowler fault (fig. 5 and 6) and ends abruptly along the north and 
west sides of the fault, whereas the main salt body remains in place to 
the east and south of the upthrown side of the fault. The voids created 
by dissolution of the salt were filled by the collapse or subsidence of 
overlying rocks.

A surface map of the Blaine Formation (Nippewalla Group) is shown in 
figure 7. The Blaine Formation lies directly above the Flowerpot Shale. 
The Blaine Formation has been displaced vertically by as much as 275 feet, 
as shown in figure 7. The vertical displacement on the collapsed side 
corresponds to the missing salt zone in the Flowerpot Shale.



The interval between the base of the Stone Corral Formation (Sumner 
Group) and the top of the Blaine Formation ranges in thickness from 420 
to 930 feet (fig. 8). The differences in thickness across the fault also 
correspond to the missing salt zone in the Flowerpot Shale. For a more 
detailed discussion on the dissolution of salt deposits in Permian rocks, 
the reader is referred to Irwin and Norton (1969), Gustavson and others 
(1980), and Johnson (1981).

The Crooked Creek-Fowler fault is reflected in overlying Upper Permian 
and Cretaceous rocks (figs. 5 and 6), but recent deposits of loess and 
dune sand have buried the fault, and it cannot be observed from surface 
features. The faulting created basins on the downthrown side of the fault 
which trapped Ogallala and younger sediments. As a result, unconsolidated 
deposits of Tertiary and Quaternary age reach thicknesses of as much as 
530 feet in these basins, which is generally 400 to 500 feet thicker than 
in the rest of the study area.

GEOLOGY IN RELATION TO GRODNO WATER 

PERMIAN SYSTEM

Information pertaining to rocks of the Permian System was obtained 
from geophysical logs and published reports (Irwin and Morton, 1969; 
Gustavson and others, 1980; Johnson, 1981). The thickness of rocks of the 
Sumner and Nippewalla Groups and undifferentiated Upper Permian rocks 
ranges from about 600 to 1,150 feet in the study area, and the rocks rest 
conformably on one another. These rocks consist mainly of sandstone, 
siltstone, shale, dolomite, gypsum, and salt. Because of their striking 
red color, they are collectively known as the Permian red beds. An uncon 
formity exists between undifferentiated Upper Permian rocks and the over 
lying Cheyenne Sandstone (Lower Cretaceous). The thickness, physical 
character, and water-yielding characteristics of geologic units are des 
cribed in table 1.

The Sumner and Nippewalla Groups and the undifferentiated Upper 
Permian rocks are not considered to be a source of freshwater. No well 
in the study area is known to be completed in the red beds for a supply of 
water. The salt, anhydrite, and other evaporites would make any water in 
the rocks very mineralized and unsuitable for most uses. Two saltwater 
disposal wells in the study area inject brine from oil and gas wells into 
the Cedar Hills Sandstone of the Nippewalla Group (Don Ubel, Kansas Depart 
ment of Health and Environment, oral commun., 1981).

CRETACEOUS SYSTEM

Consolidated Lower and Upper Cretaceous rocks comprise the top of 
the bedrock surface in the study area. The Lower Cretaceous rocks contain 
sandstone, siltstone, and shale, and the Upper Cretaceous rocks contain 
limestone and shale (table 1), Rocks of the Dakota Formation (Lower Creta 
ceous) crop out at several locations north and east of the study area in 
Ford County and the Greenhorn Limestone and Graneros Shale (Upper Creta 
ceous) crop out in the northwestern part of the study area.
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The bedrock surface in the western and extreme northeastern parts of 
the study area is formed of Upper Cretaceous rocks except where channels 
have been eroded into the underlying Lower Cretaceous rocks. The bedrock 
surface in the south-central and southeastern parts of the study area is 
formed on Lower Cretaceous rocks. The bedrock surface (fig. 3) is both 
an erosional and a structural surface. At the end of Cretaceous time, 
erosion removed great thicknesses of Cretaceous sediments that were depos 
ited in marine and continental environments.

The bedrock surface slopes to the southeast at a maximum gradient of 
about 11 ft/mi. Depths below land surface to the bedrock surface range 
from about 50 to 415 feet. The bedrock surface west of the Crooked Creek- 
Fowler fault (downthrown side) has a steeper slope than the bedrock surface 
east of the fault (upthrown side). In comparison, the bedrock surface 
west of the fault in T. 27 S., R. 24 W. has a maximum gradient of approxi 
mately 26 ft/mi, whereas the bedrock surface east of the fault has a maximum 
gradient of approximately 10 ft/mi. As much as 250 feet of local relief 
is the result of erosion in the western part of the study area and subsidence 
along the Crooked Creek-Fowler fault.

Two major channels were eroded into the bedrock surface by rivers 
or streams. One channel roughly parallels the present position of the 
Arkansas River. The other channel extends into the study area from 
Gray County about 2 miles south of the north side of T. 28 S. A ridge, 
or bedrock high, separates the two channels. The bedrock surface east of 
the fault appears almost flat. However, locally it contains smaller ero 
sional channels not shown at the contour interval used for figure 3 
(Dealy and Jenkins, 1980).

Two Lower Cretaceous formations contain permeable sandstones that 
could, and in some instances do, yield water to wells. The formations 
are the Cheyenne Sandstone and the Dakota Formation.

The Cheyenne Sandstone is considered the deepest potential source of 
freshwater but is not known to yield water to wells in the study area. 
Below the Cheyenne lie the Permian red beds. The relation of the Cheyenne 
to strata above and below, its depth below land surface, and its thickness 
are shown in figures 5 and 6. It is likely that the water from the Cheyenne 
would be very mineralized and unsuitable for most uses because of its 
contact with the Permian red beds. In the northern and western parts of 
the study area, thickness of the Cheyenne ranges from 135 to 300 feet, 
which is more than in other parts of the study area. The water in the 
upper part of the Cheyenne, farther from contact with the Permian red 
beds, may be fresh enough for most uses. In counties to the west (Grant, 
Morton, and Stanton) many multiple-aquifer wells obtain part of their 
yield from the Cheyenne (Fader and others, 1964; McLaughlin, 1942).

The Kiowa Formation consists of shale, lenses of sandstone, and lime 
stone. The Kiowa is not considered to be an aquifer in the study area.
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The Dakota Formation subcrops in a northeasterly direction and under 
lies the western and extreme northern parts of the study area. The depth 
below land surface, the relationship with strata above and below, and the 
thickness of the Dakota are shown in figures 5 and 6. The Dakota Formation 
is an important aquifer in northeastern Ford County (Lobmeyer and Weakly, 
1979). Few wells in the study area obtain water solely from the Dakota, and 
the quality and quantity of the water vary locally. Historically, it 
has not been considered a source of freshwater supply for the study area 
because the Ogallala aquifer is shallower, is economically cheaper to devel 
op and pump, and is a dependable source of freshwater. Only recently, in 
the northern part of the study area where the Ogallala aquifer is thinnest, 
has the Dakota Formation been considered as a source of freshwater. Areas 
where the Dakota and Ogallala aquifers are separated by the Graneros Shale 
(Upper Cretaceous), as well as where they are more likely to be hydraulically 
connected, are shown in figures 5 and 6. The hydraulic connection between 
the Dakota and Ogallala aquifers has not been clearly defined.

Upper Cretaceous rocks are considered to be relatively impermeable. 
They yield little if any water to wells in the study area.

TERTIARY AND QUATERNARY SYSTEMS, INCLUDING THE OGALLALA AQUIFER

The Tertiary Ogallala Formation consists of interbedded clay, silt, 
sand, and gravel with thin caliche (mortar) beds. The physical character 
of the Ogallala changes laterally within short distances, but sand is 
considered to be the predominant sediment type (see table 1).

Younger Quaternary deposits consist of loess, dune sand, undiffer- 
entiated deposits, and alluvium. Loess deposits cover the southern part of 
the study area. Dune sand overlies the loess in some places, especially 
in an area immediately south and parallel to the Arkansas River. Quater 
nary deposits were derived in part from deposits eroded from the Ogallala 
Formation. The two deposits are difficult to distinguish where both are 
present.

The saturated part of the Ogallala Formation and Quaternary loess, dune 
sand, and undifferentiated deposits comprises the Ogallala aquifer and is 
the principal water-yielding unit in the study area. The "Hydrology of 
the Ogallala aquifer" section of this report describes the Ogallala aquifer 
in detail.

Alluvium is present in the valleys of several streams in Ford County. 
The alluvium in the Arkansas River valley contains the most important 
alluvial aquifer in Ford County. In this report, alluvial aquifer refers 
to the saturated part of the Arkansas River alluvium.

The Arkansas River alluvium is composed of silt, sand, and gravel that 
partly filled the valley in an aggradation cycle after eroding downward 
through older deposits in a degradation cycle. Thickness of the alluvium 
"...ranges from about 15 feet in the eastern part of the county... to 
about 40 feet in the central and western part of the county." (Waite, 
1942). In most parts of the study area, the alluvium was deposited on the 
Ogallala Formation. In the vicinity of Ford the alluvium unconformably 
overlies and is probably hydraulically connected with the Dakota Formation.
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A detailed investigation of the Arkansas River valley about 50 miles 
upstream from Ford County demonstrated that there is a hydraulic connection 
between the alluvial and Ogallala aquifers (Dunlap and others, 1983). 
Although a similar investigation in Ford County was beyond the scope 
of this study, conditions in both areas are comparable, and the hydraulic 
connection between the alluvial and Ogallala aquifers is assumed for Ford 
County. The importance of the hydraulic connection will be developed in a 
description of the water budget beginning in the section on conditions in 
the Ogallala aquifer.

HYDROLOGY OF THE OGALLALA AQUIFER

HYDRAULIC PROPERTIES

Specific capacity for wells in the Ogallala aquifer in the study 
area as reported by local well drillers ranged from about 3 to 270 
(gal/min)/ft of drawdown. Estimates of specific yield and hydraulic con 
ductivity in the Ogallala aquifer were made using 66 drill logs in the 
study area. Each drill log was divided into zones based on the description 
of the physical composition of the aquifer material. Values of specific 
yield and hydraulic conductivity were assigned to each zone. Weighted 
averages for hydraulic-conductivity and specific-yield estimates were cal 
culated from each drill log. Only zones that could yield water were included 
in the average. Estimates of specific yield ranged from 0.07 to 0.25 and 
averaged 0.18. Estimates of hydraulic conductivity ranged from 15 to 160 
ft/d and averaged 88 ft/d.

CONDITIONS IN THE OGALLALA AQUIFER 

Water Budget

The Ogallala aquifer is a single, continuous hydrologic unit in Ford 
County. The ultimate source of all water stored in the aquifer is precip 
itation. Water moves through the aquifer under a regional gradient from 
areas of recharge to areas of discharge. Local flow patterns were super 
imposed on the regional gradient as ground water that had discharged 
naturally to rivers, seeps, and springs was intercepted by pumping wells.

Inflow to the Ogallala aquifer equals outflow plus or minus changes 
in storage to the aquifer. The most important components of this general 
relationship were calculated for the water budget shown below. The values 
used represent conditions for 1980 and are discussed in the following 
sections.
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Jjrf_l_qw Ac re-feet

Precipitation 21,750
Subsurface inflow 16,780
Streamflow losses ___0

Subtotal 38,530

Outflow

Streamflow gains 5,160
Evapotranspiration 3,000
Subsurface outflow ' 5,950
Withdrawal by wells 120,760

Subtotal 134,870

Total change in storage (1980)- - - - - -96,340

Inflow to the Ogallala Aquifer 

Precipitation

In general terms, recharge to the aquifer from precipitation in western 
Kansas can be defined as 3 percent of annual precipitation (Lloyd Stullken, 
U.S. Geological Survey, oral comnium., 1981). Using this definition, about 
0.6 inch or 21,750 acre-feet of recharge to the Ogallala aquifer can be 
attributed to precipitation during 1980. Total annual precipitation was 
19.8 inches during that year.

Subsurface Inflow

Water moves from the Ogallala aquifer in Gray County into the 
Ogallala in Ford County along the Gray-Ford County line. Net movement of 
water in the Ogallala between Hodgeman and Ford Counties to the north 
and Ford, Meade, and Clark Counties to the south was near zero during 
January 1981. The geologic section along the Gray-Ford County line was 
divided into segments of equal saturated thickness of the Ogallala. Flow 
through each segment was computed by multiplying the hydraulic gradient of 
the water table by the average hydraulic conductivity of the aquifer and 
by the saturated area of each segment. Total subsurface inflow, determined 
by summing the flow through each segment, was 16,780 acre-feet during 
January 1981.

Streamflow Losses

Another source of recharge to the Ogallala aquifer is the infiltra 
tion of water from streams during periods of flow. The potential for 
infiltration exists whenever the water table in the Ogallala aquifer drops 
below the water table in the adjacent stream system. Streamflow losses 
generally contribute little or no inflow to the aquifer in Ford County. 
The Arkansas River upstream from the town of Ford, and Saw Log, Mulberry, 
Ouck, and Rattlesnake Creeks are ephemeral streams, and periods of flow in 
them are infrequent.
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Outflow from the Ogallala Aquifer

Streamflow Gains

Streams can be a natural drain on aquifers and become gaining streams 
where they intersect the water table. The Arkansas River is the major 
gaining stream in the study area. Records during the 1960's show the 
Arkansas River as a gaining stream during most of the year throughout its 
course in Kansas. By the mid-1970's, base flow became more intermittent 
until it ceased entirely for the reach between Lakin (about 60 miles west 
of Ford County in Kearny County, Kansas) and Dodge City. This trend con 
tinued during 1980 and 1981 with base flow observed at Howell in the spring 
but receding to Wilroads Gardens, about 15 miles downstream, by mid-summer. 
The decline in base flow in upstream reaches of the Arkansas River has 
been shown to be the result of a combination of factors, including ground- 
water withdrawal by wells, reduced incoming streamflow at the State line, 
and less-than normal precipitation (Barker and others, 1981).

Records indicate a net gain in streamflow of 10,580 acre-feet in 
the Arkansas River between streamflow-gaging stations at Dodge City and 
Kinsley (about 12 miles east of Ford County in Edwards County, Kansas) 
for the water year ending September 1980. This figure does not include the 
2,800 acre-feet of water added to the system that year by the Dodge City 
wastewater treatment facility (John Remigo, Dodge City sewage treatment 
plant, oral commun., 1981). About 31 miles, or 62 percent, of the 50-mile 
reach between stations occurs in Ford County. Because surface flow from 
tributaries to the Arkansas River in the study area was minimal during 
1980, the alluvial aquifer contributed about 6,560 acre-feet of ground 
water to supply streamflow gains in this year. Computed underflow to the 
alluvial aquifer from Gray County was 1,400 acre-feet during 1980. Because 
the alluvial aquifer and the Ogallala aquifer are hydraulically connected, 
the difference between inflow and outflow in the alluvial aquifer, 5,160 
acre-feet, can be ascribed to water loss from the Ogallala aquifer, assuming 
no change in storage in the alluvial aquifer.

Crooked Creek near sec. 33, T. 29 S., R. 26 W. was observed to contain 
water throughout the duration of this study. Water derived from subsurface 
springs in the Ogallala aquifer (Waite, 1942) is ponded by several low- 
hydraulic-head dams across the creek. Although Crooked Creek constitutes 
a source of outflow from the aquifer locally in Ford County, estimates of 
this loss were not made.

Evapotranspiration

Evapotranspiration is the combined effect of evaporation and transpi 
ration. Wherever water is in contact with the atmosphere, evaporation can 
occur. Plant roots penetrating to the water table are capable of transpiring 
large quantities of water. Because the water table in the Ogallala aquifer 
is beneath the reach of plant roots, evapotranspiration directly from the 
Ogallala aquifer is negligible in Ford County.
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Evapotranspiration occurs from the alluvial aquifer in the Arkansas 
River valley where the water table is within reach of plant roots. Because 
a hydraulic connection exists between the alluvial aquifer and the Ogallala 
aquifer, loss of water to evapotranspiration in the alluvial aquifer can 
induce flow from the Ogallala aquifer. The gradient of the water table 
generally is from the Ogallala aquifer to the alluvial aquifer; therefore, 
losses from the alluvial aquifer are ascribed to the Ogallala.

Although no estimate of evapotranspiration from the 51-mile-long 
alluvial aquifer in Ford County is available, estimates have been made for 
a 48-mile-long reach of the Arkansas River valley located about 100 miles 
upstream of Ford County (Barker and others, 1981). A general comparison 
of evapotranspiration is possible as hydrologic conditions between both 
reaches are similar. For the 10 years between 1970 and 1979, average 
annual loss of water from the alluvial aquifer to evapotranspiration was 
about 3,000 acre-feet.

Subsurface Outflow

Ground water flows from Ford County into Kiowa County to the east and 
Clark County to the southeast. Subsurface outflow was calculated in the 
same manner as subsurface inflow. A total of 5,950 acre-feet flowed out 
of Ford County into Kiowa and Clark Counties during 1980.

Withdrawal by WelIs

Pumpage for irrigation is the largest component of flow out of the 
Ogallala aquifer in Ford County. A major effort of this study involved 
estimating water withdrawal from the Ogallala aquifer for irrigation. Two 
methods were used to calculate annual withdrawals for 1980 and 1981. The 
time-discharge method and the irrigation-requirement method:

Annual withdrawals 
(acre-feet)

Year Time-discharge Irrigation-requirement
method method

1980 81,215 120,760
1981 57,792 130,960
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Time-discharge method. One approach taken to extrapolate ground-water 
withdrawals wasbasedorT determining an average irrigation-application 
rate for each major crop in the area and applying this rate to the total 
irrigated acres for each of the major crops. The average irrigation-appli 
cation rate for each major crop (corn, wheat, sorghum, and alfalfa) was 
determined for 1980 and 1981 by measuring pump discharge with a ,Pitot-tube 
manometer and recording total pumping time with an E-cell Sentry meter 
(Baker, 1979). Measurements were made at a 20-site sample network during 
the 2-year study. An average discharge rate was determined for each site. 
The operator of each installation was contacted at the end of each irrigation 
season to validate total pumping time. Operators reported total time and 
crop acreages by categories if an installation was used to irrigate more 
than a single crop. The average irrigation rate per acre for each major 
crop was calculated in this manner and then multiplied by total irrigated 
acres for each major crop from records of the U.S. Agricultural Stabilization 
and Conservation Service (table 2).

Irrigation-requirement method.  Another approach used to determine 
ground-water withdrawalswasbased on crop-irrigation requirements and 
associated irrigated acreage. Crop-irrigation requirements were calculated 
for the major crops during 1980 and 1981 using a soil-moisture model 
(Lappala, 1978). This method has been applied in two ground-water modeling 
studies in southwestern Kansas (Dunlap and others, 1980; Dunlap and others, 
1983) and is described by Lindgren (1982). The model uses crop-growth 
data; weather data, including temperature, precipitation, solar radiation, 
and percentage of possible sunshine; and soil characteristics, such as 
field capacity, wilting point, and soil type, to calculate each crop's 
water demands during the year. The model monitors crop water demand and 
soil moisture and applies irrigation water when necessary to maintain the 
soil-moisture at one-half of available moisture.

Irrigation requirements of the four major crops, which vary according 
to the soil type, were calculated by the soil-moisture model for each of 
three general soil types in the study area. Irrigated acres for each crop 
obtained from records of the U.S. Agricultural Stabilization and Conserva 
tion Service were determined for the three soil types. The irrigation 
requirement calculated by the soil-moisture model was then multiplied by 
the total irrigated acres of each crop in the soil type. Ground-water 
withdrawal for each major crop was thereby obtained for all three soil 
types (table 3).

The values calculated by the irrigation-requirement method are probably 
closer to the actual value of ground-water withdrawal than are the time- 
discharge values. Two drawbacks of the time-discharge method were diffi 
culty in choosing a reliable network of sample sites and failure of testing 
equipment. Many of the wells chosen initially as samples sites were physi 
cally incompatible with discharge-measuring equipment used in the study, 
which required about 6 feet of unobstructed discharge pipe. Under these 
circumstances, plans to interpret pumpage data statistically were soon 
abandoned. Mechanical problems with pumps at several sample sites further 
reduced the quantity of information available. Failure of time-recording 
devices at several sites also complicated data collection.
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Water-Table Configuration

Depths to water below land surface ranged from about 9 feet for wells 
completed in the Arkansas River alluvium to about 185 feet for wells com 
pleted in the Ogallala aquifer. Water-level measurements were made at 100 
locations in the study area.

The configuration of the water table in the Ogallala aquifer in Ford 
County is shown in figures 9 and 10. Data for these maps were derived 
using a mathematical interpolation technique called kriging (Skrivan and 
Karlinger, 1980). The technique has been applied to produce hydrologic 
maps using water-level data from west-central Kansas (Hunlap and Spinazola, 
1981). The kriging technique was used to determine a value for the water- 
table altitude at the center of each section in the study area, utilizing 
the actual water-level measurements for each map. This technique thus 
supplied eight times the original number of 100 data points for contouring.

Static conditions are shown by the configuration of the water table 
during January 1981 when the seasonal effects of ground-water pumping are 
at a minimum (fig. 9). The slope and shape of the water table are the 
two most evident features on this map. The water table generally slopes 
from west to east at a gradient of about 7 ft/mi. Given the average gradient 
and the average hydraulic conductivity for the study area, water travels 
approximately 150 feet per year through the aquifer.

Changes in the shape of the water table can be attributed to variations 
in the properties and physical characteristics of the aquifer and to imposed 
stresses on the aquifer. Closely spaced contours generally indicate 
areas of lower transmissivity in the aquifer, representing a decrease in 
the hydraulic conductivity or a thinning of the saturated thickness or 
both. Conversely, widely spaced contours generally indicate areas of 
higher transmissivity where hydraulic conductivity or saturated thickness 
is greater.

The effect of pumping ground water for irrigation is shown by the 
configuration of the water table during August 1981 (fig. 10). Local 
changes in the gradient of the water table are visible across the entire 
study area but are most evident in T. 28 S., Rs. 25 and 26 W. The combina 
tion of ground-water pumping and less saturated thickness in this area led 
to the development of a cone of depression at this time of year. This 
effect is apparent even though seasonal precipitation was greater and 
ground-water pumping decreased compared with the previous year.

Saturated Thickness

The saturated thickness of the Ogallala aquifer for January 1981 is 
shown on plate 1. Data for this map were obtained by determining the 
bedrock altitude at the center of each section from the bedrock map (fig.3) 
and subtracting it from a corresponding kriged value of the January 1981
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water-level altitude {fig. 9). Saturated thickness in the Ogallala aquifer 
ranged from 0 to about 350 feet on the downthrown side of the Crooked 
Creek-Fowler fault and from 0 to 120 feet on the upthrown side of the 
fault.

Saturated thickness is greatly affected by the shape of the bedrock 
surface. Comparing the map showing saturated thickness (plate 1) with the 
bedrock map {fig. 3), the areas of greatest saturated thickness correspond 
to the areas of depressions or troughs in the bedrock surface. The effect 
of the bedrock surface on saturated thickness is most evident on the down- 
thrown side of the Crooked Creek-Fowler Fault in T. 28 S., R. 24 W., where 
saturated thickness can increase more than 200 feet within a few miles. 
The thinnest areas of saturated thickness are associated with highs or 
ridges in the bedrock surface. Examples include areas along the west- 
central and southern borders and in the east-central part of the county.

Saturated thickness gives a general indication of the quantity of water 
available at a location. Storage will vary in the study area in relation 
to changes in saturated thickness and specific yield. The volume of water 
in storage in the aquifer was found by planimetering equal intervals of 
saturated thickness from plate 1 and multiplying by the average specific 
yield of the aquifer. The volume of water in storage during 1981 was cal 
culated at about 7,500,000 acre-feet based on a specific yield of 0.18.

Water Quality

Water samples from wells in the Ogallala aquifer were collected and 
analyzed for other studies in the area (Hathaway and others, 1978; Dealy 
and Jenkins, 1980) and as part of a statewide water-quality network (table 
4). Results from the chemical analyses indicate that water from the Ogal 
lala aquifer is suitable for most uses.

The Kansas Department of Health and Environment has recommended limits 
to the concentrations of certain chemical constituents in drinking water. 
Concentrations in excess of these recommended limits can lead to health 
problems, such as mottled teeth and bone changes in children caused by 
excess fluoride, or methemoglobinemia, which results from excess nitrate. 
Maximum concentrations recommended for the more common chemical constituents 
are:

Constituent Recommended limit,
in milligrams per liter

Dissolved solids 500
Sulfate (S04 ) 250
Chloride (Cl) 250
Fluoride (F) 1.5
Nitrate (N03 ) 45
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The results from chemical analyses indicate concentrations less than 
the recommended limits of these constituents for water from wells in the 
Ogallala aquifer except for three wells where the concentration of fluoride 
was exceeded. For wells in the Arkansas River alluvium, water from 
three exceeded the recommended fluoride concentration, water from one 
exceeded the recommended nitrate concentration, and water from four exceeded 
the recommended concentrations for dissolved solids and sulfate.

Water in the Ogallala aquifer in Ford County is a calcium bicarbonate 
type (Hathaway and others, 1978). The data in table 1 indicate that water 
in the alluvial aquifer is a calcium sulfate type. Water type is determined 
by a predominance of the type cations and anions to total ions in a sample 
analysis.

The suitability of water for irrigation purposes can be evaluated by 
plotting values obtained for sodium-adsorption ratio (SAR) and specific 
conductance on the diagram shown in figure 11 and determining the proper 
classification. SAR is the relationship of sodium ions to calcium and 
magnesium ions in a water. Specific conductance is expressed by the elec 
trical conductivity of ions in a water. For the purpose of irrigation 
classification, specific conductance is a measure of the dissolved solids 
(salinity) in a given water. An explanation of the classification diagram 
(fig. 11) according to the U.S. Salinity Laboratory staff (1954) follows:

Salinity Classification

Cl - LOW SALINITY WATER can be used for irrigation with most crops on most 
soils, with little likelihood that a salinity problem will develop. 
Some leaching is required, but this occurs under normal irrigation 
practices except in soils of extremely low permeability.

C2 - MEDIUM SALINITY WATER can be used if a moderate amount of leaching 
occurs. Plants with moderate salt tolerance can be grown in most 
instances without special practices for salinity control.

C3 - HIGH SALINITY WATER cannot be used on soil with restricted drainage. 
Even with adequate drainage, special management for salinity control 
may be required, and plants to be grown will need good salt tolerance.

C4 - VERY HIGH SALINITY WATER is not suitable for irrigation under ordinary 
conditions but may be used occasionally under very special circumstan 
ces. The soil must be permeable, drainage must be adequate, irrigation 
water must be applied in excess to provide considerable leaching, and 
plants to be grown will need to be very salt tolerant.

Sodium Classification

SI - LOW SODIUM WATER can be used for irrigation on almost all soils, 
with little danger of the development of a sodium problem. However, 
sodium-sensitive crops, such as stone-fruit trees, may accumulate 
injurious amounts of sodium in the leaves.
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52 - MEDIUM SODIUM WATER may present a moderate sodium problem in fine- 
textured (clay) soils unless gypsum is in the soil. This water can 
be used on coarse-textured (sandy) or organic soils that take water 
well.

53 - HIGH SODIUM WATER may produce troublesome sodium problems in 'most soils 
and will require special management good drainage, high leaching, 
and additions of organic matter. If there is plenty of gypsum in the 
soil, a serious problem may not develop for some time. If gypsum is 
not present, it or some similar material may have to be added.

54 - VERY HIGH SODIUM WATER is generally unsatisfactory for irrigation 
except at low or medium salinity levels where the use of gypsum or 
some other amendment makes it possible to use such 
water.

The irrigation classification indicates that water from the Ogallala 
aquifer has a low sodium and medium salinity hazard. Water from the Ogal 
lala aquifer is suitable for growing most crops on soils where a moderate 
degree of leaching occurs. Water from the alluvial aquifer has a low 
sodium hazard and a high to very high salinity hazard. Special management 
practices may be required when using water from the alluvial aquifer for 
irrigating crops.

Ground-Water Development 

Irrigation Wells

Ground-water use was minimal and limited to domestic and stock use 
until the development of the pumping plant powered by the gasoline engine 
around the beginning of the 20th century. By 1939, 187 wells pumped about 
4,800 acre-feet of ground water to irrigate 2,814 acres of cropland in 
Ford County (Waite, 1942). Most of these wells were located in the Arkansas 
River valley. Records obtained through the Division of Water Resources, 
Kansas State Board of Agriculture, show a gradual increase in the number 
of well applications between 1946 and 1972, with significant increases 
occurring in 1955, 1968, and continuing from 1973 through 1978 (fig. 12). 
Between 1968 and 1980, well applications increased five-fold.

An onsite inventory was conducted during this study to determine 
the number and location of irrigation wells completed in the Ogallala 
aquifer. By 1981, there were 622 irrigation wells pumping water from the 
Ogallala aquifer. These wells were approved to pump 210,000 acre-feet of 
ground water annually for irrigating 75,160 acres of crops. Discharge 
from wells measured at 20 sites during the study ranged from 220 to 992 
gal/min. Information collected during the inventory is listed in table 5 
at the end of the report.
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Irrigated Acres

Irrigated acres of corn, wheat, and sorghum for 1980 and 1981 were 
tabulated on a township basis from records on file at the Ford County 
Agricultural Stabilization and Conservation Service. Personnel from that 
office consider that in any given year 98 percent of the farms in the 
county report their crop acreages in order to participate in the crop 
program. Of those farms usually reporting, 3 percent had yet to report 
their 1980 acreages, and 5 percent had yet to report their 1981 acreages 
when acreage figures were compiled for this study.

Alfalfa also contributes a representative fraction of total irrigated 
acreage but was not directly recorded in the files for 1980 and 1981. 
Therefore, 90 percent of total 1980 alfalfa acreage, as given in Duitsman 
and Johnson (1981), is taken as an approxmate estimate of alfalfa acreage 
irrigated with ground water from the Ogallala aquifer for both 1980 and 
1981. Because Duitsman and Johnson (1981) report total county acreages 
and ground water for irrigation is supplied from the Dakota Formation in 
northeastern Ford County, this percentage of total alfalfa acreage seemed 
appropriate. The percentage for alfalfa approximately coincides with the
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percentage of acres irrigated with water from the Ogallala aquifer, as 
recorded by the Agricultural Stabilization and Conservation Service, and 
reports of total irrigated acres for corn, wheat, and grain sorghum in 
Ford County (Duitsman and Johnson, 1981). Total acres irrigated by water 
from the Ogallala aquifer, adjusted only for alfalfa, were estimated to be 
75,160 acres during 1980 and 73,645 acres during 1981.

Effects of Ground-Water Withdrawal

Ground-water withdrawal for irrigation is responsible for declining 
water levels in the Ogallala aquifer in the study area. Water-level changes 
were determined by comparing data presented by Waite (1942) to data cal 
culated by the kriging technique from January 1981 measurements. Water- 
level declines ranged from about 0 to 50 feet and averaged between 15 and 
20 feet, or about 0.4 foot per year between 1939 and 1981 (fig. 13). 
Areas of greatest decline are generally west of the Crooked Creek-Fowler 
fault and south of the Arkansas River where ground-water withdrawal for 
irrigation has been practiced the longest.

Areas of no change for 1939-81 are shown in T. 26 S. and T. 28 S., 
R. 26 W. and in the easternmost townships of the study area. Unlike the 
remainder of the study area, the 1939 data are sparse in these areas. 
Although there is insufficient information to verify a water-level decline 
between 1939 and 1981, many irrigation wells have since been completed in 
the easternmost townships of the study area. Water levels were observed 
to decline about 1.5 feet in this area during 1977-80 (Dealy and Jenkins, 
1980). Water-level declines can be expected to continue in this area as 
pumping continues and more long-term information becomes available.

Water-level declines between 1939 and 1981 also indicate a decrease 
in the volume of ground water in storage. The magnitude of this decrease 
was calculated by determining, from figure 13, the volume of the aquifer 
dewatered and multiplying by the average specific yield of 0.18 for the 
aquifer. The volume of ground water in storage was decreased by 687,670 
acre-feet or 8-percent between 1939 and 1981.

Continuing water-level declines and the presence of the Crooked Creek- 
Fowler fault could combine to have an effect on streamflow in the Arkansas 
River eastward from the fault. The Arkansas River is a gaining stream 
in eastern Ford County, as indicated by the inflection of the water- 
table contours toward the river (fig. 9). Should water-level declines 
continue to the extent that the water table drops below the bedrock surface 
on the upthrown side of the fault, flow across the fault could cease. 
Present information indicates that the water table would have to drop 
about 80 feet from 1980 levels before this could happen.

SUMMARY AND CONCLUSIONS

The pronounced increase of ground-water development in Ford County 
during the past 10 years has caused concern about the effect that devel-
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opment could have on the future use of the Ogallala aquifer. Information 
was collected and analyzed in 1980 and 1981 to update the geohydrologic 
setting and to evaluate the hydrologic conditions of the Ogallala aquifer 
in Ford County.

Of significant geohydrologic importance is the extension of the Crooked 
Creek-Fowler fault from its original location to the eastern edge of the 
study area. Information compiled for this study indicates that the fault 
was the result of dissolution and removal of a zone of salt in the Flower 
pot Shale, which caused the collapse or subsidence of overlying beds. The 
fault created localized basins, which trapped Ogallala and younger sedi 
ments. Thickness of sediments in these basins can be as much as 530 feet.

Rocks of Permian age consist mainly of sandstone, siltstone, shale, 
dolomite, gypsum, and salt. Thickness of these rocks ranges from about 
600 to 1,150 feet in the study area. No well in the study area is known 
to be completed in these rocks for a supply of water.

The tops of rocks of Cretaceous age comprise the bedrock surface in 
the study area. The bedrock surface is formed on Lower Cretaceous rocks 
in the south-central and southeastern, parts and on Upper Cretaceous rocks 
in the western and extreme northwestern parts of the study area. Lower 
Cretaceous rocks contain sandstone, siltstone, and shale whereas Upper 
Cretaceous rocks contain mainly limestone and shale. The bedrock surface 
is disrupted by the Crooked Creek-Fowler fault. The surface west of the 
fault (downthrown side) slopes to the southeast at a maximum gradient of 
about 26 feet per mile, whereas the surface to the east of the fault (up- 
thrown side) slopes at a maximum gradient of about 10 feet per mile. Two 
erosional channels in the bedrock surface, along with the disruption of 
the bedrock surface along the fault, affect the variation in the saturated 
thickness of the Ogallala aquifer in the study area.

The Cheyenne Sandstone and Dakota Formation contain saturated sand 
stones, which potentially can be developed in the study area. No wells in 
the study area presently withdraw water from the Cheyenne, but the Dakota 
Formation is an important aquifer adjacent to the study area in northeastern 
Ford County and is used for irrigation in the northwestern part of the 
study area.

Deposits of Tertiary age consist of interbedded clay, silt, sand, and 
gravel with thin caliche beds. Deposits of Quaternary age consist of 
loess, dune sand, and alluvium. The combined thickness of Quaternary 
deposits were derived, in part, from material eroded from the Ogallala 
Formation, and the two deposits are difficult to distinguish where both 
are present. For this reason, the saturated parts of both Tertiary and 
Quaternary deposits excluding the Arkansas River alluvium are referred 
to as the Ogallala aquifer in this report.

The alluvial aquifer in the Arkansas River valley is in hydraulic 
connection with the Ogallala aquifer, the major source of ground water 
in the county. The Ogallala aquifer comprises a single, continuous unit 
that stores and transmits water in Ford County. Inflow to the Ogallala 
aquifer equals outflow from the aquifer plus or minus changes in storage 
to the aquifer. Inflow and outflow can be calculated using estimates for
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the quantities of precipitation, subsurface inflow, streamflow losses, 
evapotranspiration, streamflow gains, subsurface outflow, and withdrawal 
by wells. Calculations based on data indicate that inflow to the Ogallala 
aquifer was about 38,500 acre-feet during 1980. Outflow from the aquifer 
was calculated at about 135,000 acre-feet, for a net loss from storage 
of about 96,000 acre-feet.

Specific yield and hydraulic conductivity of the Ogallala aquifer 
were estimated from 66 drill logs in the study area. Estimates of specific 
yield ranged from 0.07 to 0.25 and averaged 0.18, indicating water-table 
conditions in the aquifer. Estimates of hydraulic conductivity v ranged 
from 15 to 160 feet per day and averaged 88 feet per day.

Ground water in the study area generally moves from west to east under 
a gradient of about 7 feet per mile. Water travels approximately 150 feet 
per year through the aquifer. The effect of ground-water pumping for 
irrigation is expressed by a general depression in the water table and the 
formation of cones of depression in areas of intensive pumping. Saturated 
thickness of the Ogallala aquifer ranged from 0 to about 350 feet for 
January 1981. The volume of ground water in storage was calculated as 
about 7,500,000 acre-feet during 1981.

Concentrations of chemical constituents in water from the Ogal 
lala aquifer generally are less than the limits recommended by the Kansas 
Department of Health and Environment for drinking water and pose no problem 
when used for irrigating crops. However, excess fluoride was present in 
some water samples from the Ogallala aquifer, and water samples from wells 
completed in the Arkansas River alluvium were found to contain nitrate, 
fluoride, dissolved solids, and sulfate in excess of the recommended limits.

During 1981, 622 irrigation wells pumped water from the Ogallala 
aquifer. These wells were approved to pump 210,000 acre-feet of ground 
water annually to irrigate about 75,000 acres of crops. Well yields measured 
at 20 sites during the study ranged from 220 to 992 gal/min.

Ground-water withdrawal for irrigation was calculated by two methods-- 
the time-discharge method and the irrigation-requirement method. Calcula 
tions of ground-water withdrawal using the time-discharge method were 
about 81,000 acre-feet during 1980 and 58,000 acre-feet during 1981. 
Calculations of ground-water withdrawal using the irrigation-requirement 
method were about 121,000 acre-feet during 1980 and 131,000 acre-feet during 
1981. The results from the irrigation-requirement method are probably 
closer to the actual quantity of ground-water withdrawal because of problems 
encountered when applying the time-discharge method. Problems included 
(1) an incompatibility of discharge-testing equipment with many wells in 
the study area, (2) failure of time-recording devices, and (3) mechanical 
problems with pumps or powerplants.

Prior to large-scale irrigation development, recharge to the Ogal 
lala aquifer equaled discharge. The rapid increase of irrigation develop 
ment during the mid-1970's has resulted in ground-water-withdrawal rates 
that were three times greater than recharge during 1980 alone. When with 
drawal exceeds recharge, ground water is removed from storage, or mined, 
to satisfy pumping demands. The effect of mining water in the aquifer is
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indicated by water-level declines and a reduction in saturated thickness.

Water-level declines ranged from about 0 to 50 feet between 1939 
and 1981. Average water-level decline was about 0.4 foot per year. The 
volume of water in storage in the Ogallala aquifer was reduced by about 
688,000 acre-feet from 1939 to 1981. This value corresponds to a reduction 
of approximately 8 percent of the water that was available in the aquifer 
prior to irrigation development. The number of irrigation wells in the 
study area increased five-fold between 1968 and 1980. Therefore, the 
bulk of the water-level declines and reduction in storage in the study 
area occurred during this period.

The occurrence of the Crooked Creek-Fowler fault in the study area 
could have a marked effect on underflow to the east of the fault and recharge 
to the Arkansas River. Should the mining of ground water reach the extent 
that the water table drops below the bedrock surface on the upthrown side 
of the fault, flow across the fault could cease, and the aquifer east of 
the fault could be separated from underflow from the main body of the 
aquifer.

Additional investigations could help to better define the bedrock 
surface in Ford County, especially with respect to the fault. In addition, 
a model study of the stream-aquifer relationship between the Arkansas 
River and the Ogallala aquifer would be an important step in understanding 
the gain and loss regimen of these two vital water resources.
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